Background. Type of health insurance is an important mediator of medical outcomes in the United States. Medicaid, a jointly sponsored Federal/State programme, is designed to serve medically needy individuals. How these patients differ from non-Medicaid-enrolled incident dialysis patients and how these differences have changed over time have not been systematically examined. Methods. Using data from the United States Renal Data System, we identified individuals initiating dialysis from 1995 to 2004 and categorized their health insurance status. Longitudinal trends in demographic, risk behaviour, functional, comorbidity, laboratory and dialysis modality factors, as reported on the Medical Evidence Form (CMS-2728), were examined in all insurance groups. Polychotomous logistic regression was used to estimate adjusted generalized ratios (AGRs) for these factors by insurance status, with Medicaid as the referent insurance group. Results. Overall, males constitute a growing percentage of both Medicaid and non-Medicaid patients, but in contrast to other insurance groups, Medicaid has a higher proportion of females. Non-Caucasians also constitute a higher proportion of Medicaid patients than non-Medicaid patients. Body mass index increased in all groups over time, and all groups witnessed a significant decrease in initiation on peritoneal dialysis. Polychotomous regression showed generally lower AGRs for minorities, risk behaviours and functional status, and higher AGRs for males, employment and self-care dialysis, for non-Medicaid insurance relative to Medicaid. Conclusions. While many broad parallel trends are evident in both Medicaid and non-Medicaid incident dialysis patients, many important differences between these groups exist. These findings could have important implications for policy planners, providers and payers.
Introduction
Health insurance has been shown to be an important mediator of medical outcomes across a broad range of disease states and clinical scenarios [1] [2] [3] [4] . In the setting of endstage renal disease (ESRD), type of health insurance has been associated with timing of [5] and initial laboratory values at [6] dialysis initiation, self-reported medication adherence [7] and accessibility to kidney transplantation [8] . Type of health insurance and extent of insurance coverage may, therefore, be important mediators of outcomes in the ESRD population.
Since 1972, nearly all adults with ESRD have been entitled to Medicare coverage regardless of age [9] . While not all individuals receiving chronic dialysis are Medicare enrollees, the majority are. In addition to Medicare, typical sources of coverage for healthcare expenses include private insurance carriers, the Department of Veterans Administration (DVA), Medicaid, or out-of-pocket expenditures by the patient. Of these, Medicaid is the second largest payer group for ESRD. Medicaid, a public insurer funded jointly by federal and state governments, provides broad medical care benefits including prescription drugs for low-income or medically needy patients, although the specifics of plan benefits vary by state. As such, Medicaid stands apart from most other health insurance programmes with higher enrolments of minorities and women.
In ESRD, ∼22% of incident patients have Medicaid coverage, although many dialysis patients later attain Medicaid coverage, and prevalence rates rise to ∼32% as dialysis patients become impoverished due to high medical care costs C The Author 2009. Published by Oxford University Press [on behalf of ERA-EDTA]. All rights reserved. For Permissions, please e-mail: journals.permissions@oxfordjournals.org Differences in dialysis patients by insurance status 199 [10] . Since Medicaid-enrolled incident dialysis patients are likely to be more financially and medically needy relative to non-Medicaid-enrolled incident dialysis patients, demographic characteristics, comorbidities and type of dialysis modality initiated could be hypothesized to be dissimilar between these groups. However, no one, to our knowledge, has systematically explored differences between groups of dialysis patients based on insurance status or how such differences have changed over time.
Knowledge of trends in Medicaid-enrolled incident dialysis patients and of the factors associated with Medicaid enrolment at dialysis initiation could have important implications for policy planners, providers and payers. Accordingly, we designed a study to investigate whether there are distinctions in demographic characteristics, medical characteristics and incident dialysis modalities differences between individuals with various types of insurance. The insurance category was classified as one of six core groups: Medicaid (with or without Medicare), Medicare only, Medicare plus another type of (non-Medicaid) insurance, DVA, private insurance or 'other' (a group consisting of uninsured individuals, those without a specified insurance carrier or those with multiple payer sources not already classified). Our overall goal was to determine whether and how individuals with Medicaid, potentially the most medically needy subgroup of patients, are dissimilar to the incident dialysis population without Medicaid, and how such differences have changed longitudinally from 1995 to 2004.
Subjects and methods

Data sources for analysis
To examine factors associated with health insurance payer status access for newly initiating chronic dialysis patients over time, we used data obtained from the United States Renal Data System (USRDS) [11] . The US-RDS, established in 1988 under a contract with the Health Care Financing Administration (now known as the Centers for Medicare and Medicaid Services, or CMS), tracks nearly all dialysis patients from initiation of dialysis through transplantation or death.
We used the USRDS core compact disc (CD) data to capture patients who initiated dialysis during each year from 1995 to 2004 (10 years total). Data contained in the core CD data are generated upon initiation of dialysis, when providers are required to submit to CMS a Medical Evidence Form (CMS-2728) documenting patient demographic characteristics, comorbid conditions, laboratory values prior to the first dialysis treatment, date of dialysis initiation and dialysis modality and setting. CMS forwards the information to the USRDS Coordinating Center, currently located in Minneapolis, MN, USA. Over time, the changes in patient residence, payer status, treatment history (including dialysis modality), transplant information and death were submitted to CMS and subsequently incorporated into the core USRDS CD.
Study cohort and rationale for analytic approach
We identified unique individuals over the age of 18 years who were initiating dialysis without a prior transplant from 1 January 1995 through 31 December 2004. Health insurer coverage was determined for each subject at dialysis initiation. Coverage was categorized into one of six groups: Medicaid (including dually-eligible individuals, or persons also eligible for Medicare), Medicare only, Medicare combined with another (nonMedicaid) insurance group, DVA, private coverage and 'other'; the latter group included uninsured persons, persons with combinations of payers not otherwise categorized as well as persons without a specified carrier. We compared patients across their demographic, risk behaviour, functional, comorbidity, laboratory and dialysis modality status, as recorded on the baseline CMS-2728 form, stratified by their baseline health insurer.
Demographic variables considered were age, sex and race by ethnicity (four mutually exclusive groups consisting of non-Hispanic Caucasian, non-Hispanic African American, Hispanic and other) and employment (unemployed versus part or fully employed). Risk behaviour factors examined were smoking and substance abuse (alcohol or illicit drugs), and functional status markers were inability to ambulate and inability to transfer. The causes of ESRD were grouped into four mutually exclusive categories (diabetes, hypertension, glomerulonephritis or other). Major comorbidities, recorded on the CMS-2728 form at the time of dialysis initiation, were considered to be diabetes (types I and II combined), hypertension, congestive heart failure, coronary artery disease, cerebrovascular disease, peripheral vascular disease and cardiac dysrhythmia. Since the CMS-2728 form is structured such that diseases like diabetes or hypertension may be classified as a cause of ESRD and/or a comorbidity, diabetes and hypertension were considered present in an individual if they were listed as either the cause of ESRD or as a comorbidity. The BMI was classified into four categories; >25-29.99 kg/m 2 was considered overweight and ≥30 kg/m 2 obese. The sole laboratory value analysed was haemoglobin, with a cut-off score of 11 g/dL; there were too many missing values to analyse serum albumin. Dialysis modality consisted of in-centre haemodialysis (HD), home HD or peritoneal dialysis (PD).
Statistical analyses: overall and specific approaches
To simplify the presentation of large amounts of data, descriptive data for the first and last biennial periods (1995-96 and 2003-04, respectively) were presented. The descriptive statistics were designed to illustrate how ESRD patients who had Medicaid coverage at dialysis initiation differed from each of their non-Medicaid counterparts and how such differences may have changed over time. The temporal trends within each insurance group over the 10-year observation period were estimated using unconditional logistic regression models for dichotomous response variables and ordinary least squares regression for continuous measures. These models included explanatory variables, insurance status, time and their interaction. Linear contrasts of the parameter estimates from these models were performed to test the within payer status slopes over time using Wald chi-square tests and F-tests for the logistic and linear regression models, respectively.
We modelled the nominal response variable, type of insurance coverage, with polychotomous logistic regression with a generalized logit function [12] . This modelled the natural log of the ratio of the likelihoods (or probabilities) of each of the various coverage types to the likelihood of Medicaid coverage, which served as the referent category. The explanatory variables used to model these ratios of likelihoods were the baseline demographic and clinical characteristics outlined above. We present the relative comparisons between levels of the explanatory variables with respect to type of coverage (using Medicaid as the referent category) by presenting the ratios of these ratios of likelihoods. Though these comparisons were similar to comparisons of the odds produced by dichotomous logistic regression (i.e., similar to the odds ratios), the relative comparison was of these likelihood or probability ratios rather than of odds; hence, we referred to these comparisons as adjusted generalized ratios (AGRs) to distinguish our findings from adjusted odds ratios produced by dichotomous logistic regression models.
Due to the large size of the study population, we attempt to distinguish between the many findings that were only statistically significant from those that were more likely to be clinically meaningful. All statistical analyses were performed with SAS 9.1 (Cary, NC, USA).
Data for this project were obtained from the USRDS under a data use agreement for research-identifiable files, and the study protocol was approved by the University of Kansas Medical Center Human Subjects Committee.
Results
Over the 10 years, there were 883 380 persons who initiated dialysis, after excluding 62 persons who had missing demographic data. The largest proportion was covered by Medicare (42.2%): those with Medicare and some secondary insurance, n = 250 106 (28.3%) and Medicare only, n = 123 164 (13.9%). Medicaid was the next largest payer accounting for 213 388 (24.2%) persons. The other group included 166 895 persons (18.9%), and private coverage accounted for 123 985 (14.0%) persons. Finally, the DVA was the sole payer for 5842 (0.7%) persons.
We analysed both longitudinal trends in incident dialysis patients by payer status as well as factors associated with payer enrolment for the entire cohort, relative to Medicaid.
Longitudinal trends in incident dialysis patients by the payer group
First, we summarized within-insurance group longitudinal trends in patients from each of the six insurance categories according to demographic, risk behaviour, functional, comorbidity, treatment modality and laboratory status. Tables 1 (demographics, risk behaviours and functional limitations) and 2 (cause of ESRD, comorbidities, BMI, laboratory values and dialysis modality) illustrate these trends and the associated level of within-group statistical significance over the course of the observation period. Given the large size of dataset, many within-group trends were found to be highly statistically significant (P < 0.001) despite very modest changes in raw percentages. Overall, each of the six payer groups expanded in size over the 10 years. Medicaid constituted 25.1% of the 2003-04 cohort, and Medicare coverage (solo and combined) accounted for 44.0% of the 2003-04 cohort. As of 2003-04, ∼13.5% had private coverage and 16.8% were classified as 'other'; as stated, these latter individuals may or may not have had insurance coverage. The DVA provided coverage to <1% of the cohort.
Notable findings are that the mean age at dialysis initiation increased overall by ∼2 years over the observation period for all payer groups except for those with private or 'other' coverage. Medicaid enrollees were consistently 10 or more years younger throughout the decade than those with Medicare-only or Medicare-combined coverage. The mean age for Medicaid enrollees was comparable to that of the DVA and 'other' groups and was actually higher than those with private healthcare coverage. Males constituted a growing percentage of all groups, though the increases were typically modest; the proportion of males on Medicaid increased by 3.5%, and the increase was larger than all groups except for the DVA. However, while a majority of Medicaid enrollees were females, the reverse was true for individuals in all other payer groups. The proportion of individuals who were African American in 2003-04 was highest among Medicaid enrollees (38.5%), although this was a decline from 1995 to 1996. Nearly one-third of the cohort was African American in each of the other payer groups, except for the Medicare-combined group, in which African Americans numbered roughly one in seven. Hispanics were most prevalent in Medicaid and other groups. Unemployment in 2003-04 was higher in the Medicaid group than in all others save the 'other' group.
Smoking and substance abuse rates were highest for DVA followed by Medicaid and other; most groups, including Medicaid, showed a decline over time. Substance abuse rates demonstrated a trend generally similar to that of smoking. Physical function limitations were most prevalent in DVA and Medicaid.
Diabetes as the primary cause of ESRD was increasingly prevalent for all payer groups except the privately insured; it was the cause of ESRD for >50% of the Medicaid group in 2003-04, a rate exceeded only by the DVA group. Rates of diabetes and hypertension as comorbidities upon dialysis initiation increased across the observation period for the Medicaid and Medicare groups. Diabetes was present in nearly half of the overall cohort by 2003-04 and hypertension in over three-quarters. Heart failure and coronary artery disease were the next most prevalent comorbidities; coronary artery disease increased for Medicaid and Medicare groups over time. The proportion of each payer group that was overweight or obese increased dramatically, with 40.1% of the individuals in the Medicaid cohort falling into one of these two groups in 1995-96 and 58.2% in 2003-04; these rates of increase were exceeded by the DVA and privately insured groups. Haemoglobin demonstrated the most variable findings; while roughly two-third of each payer group initiated dialysis with a haemoglobin <11 g/dL, some groups saw an increase and others a decrease.
Rates of initiation of in-centre HD increased globally for all groups, approaching or even exceeding 95% by 2003-04 in all groups except those with private insurance. Rates of self-care dialysis (PD or home HD) fell correspondingly in all groups.
Factors associated with Medicaid status at dialysis initiation
After eliminating records missing at least one data element (∼17% of total), we had adequate data to analyse 730 560 individuals in the multivariable model. The number (percentage of payer group) with missing data excluded across the entire 10-year period was comparable across the payer groups: Medicaid, n = 34 478 (16.2%); Medicare only, n = 20 945 (17.0%); Medicare combined, n = 43 021 (17.2%); DVA, n = 1225 (21.0%); Private, n = 21 855 (17.6%) and other, n = 31 296 (18.8%).
We assessed which factors were associated with payer status using polychotomous logistic regression. The AGRs are presented in Table 3 ; Medicaid was established as the referent payer group. AGRs, which differ from classic adjusted odds ratios, are properly interpreted as follows, taking gender as an example. Among ESRD patients, the ratio of DVA coverage to Medicaid coverage was 14.6 times higher among males than females, controlling for other factors. The ratios for males receiving healthcare coverage from each of the remaining payer groups, compared to Medicaid, ranged from 1.83 to 2.15 times higher. Of note, while this range of AGRs does not necessarily mean that there were fewer males within Medicaid, it can be seen from the bivariate analyses presented in Table 1 that Medicaid had the highest proportion of females.
Statistically significant findings from the polychotomous regression results were noted for nearly every demographic and clinical variable. In addition to the above-mentioned AGR >1 for males, AGRs >1 were found for employment and initiation on self-care dialysis, while AGRs <1 were found for Africans Americans, Hispanics and other nonwhites, for smoking and substance abuse (<1.0 for all but the DVA) and for inability to ambulate and inability to transfer. Several longitudinal trends of particular clinical importance, previously highlighted, are illustrated in Figure 1 . Figure 1(a) illustrates both the overall decline in initiation in rates of self-care dialysis as well as the lowest absolute rate in Medicaid patients. Figure 1 (b) not only shows how the percentage of females is decreasing among all payer groups but also demonstrates the discordance in the female-to-male sex ratio by insurance status; Medicaid patients consist of more females than males, while the reverse is true for non-Medicaid patients. Figure 1(c) demonstrates how non-Caucasians constitute a higher proportion of Medicaid-enrolled incident dialysis patients than of non-Medicaid patients. Finally, Figure 1(d) documents the considerable increase in obesity among dialysis initiates.
Discussion
The 10-year trends mentioned above and the analyses of differences between incident dialysis patients enrolled in Medicaid and other health insurance programmes presented herein illustrate important distinctions in demographic and medical characteristics. While observers familiar with the characteristics of the broader Medicaid population could anticipate many of the differences that we report in dialysis patients, our findings firmly establish their details.
Several major trends over time are notable across insurance groups. Hispanics, who represent a rapidly growing segment of the US society [13] , constituted an increasing proportion of new dialysis patients, as has been predicted [14] ; this trend was evident in all insurance groups except for the DVA. For Medicaid, the decline in African Americans was offset by increases in both Hispanics and Caucasians. There was also an overall increase in the proportion of ESRD patients who were males, a finding previously recognized by the nephrology community [15] . However, Medicaid continued to provide coverage more often to females as compared to males. An increase in BMI, a trend that grew alarmingly in the general population during our period of observation [16] , has been previously noted in dialysis patients [17] and was also observed in our study sample. Our analysis makes clear that, despite important differences in Medicaid and non-Medicaid patients, the magnitude and time course of the increase in BMI are similar across all groups. Indeed, all groups' BMIs averaged ∼28 kg/m 2 in 2004, values that are classified as overweight [18] . In addition, diabetes and hypertension as comorbidities were prevalent among an increasing proportion of incident dialysis patients, irrespective of insurance status. These entities are manifestations of the metabolic syndrome, which accompanies increases in BMI in both the general and CKD [19, 20] populations.
The percentage of individuals with haemoglobin >11 g/dL, the current lower threshold recommend by the KDOQI guidelines, has increased significantly in all insurance groups. These trends probably reflect the traditional belief in the deleterious consequences of low haemoglobin in kidney disease patients [21, 22] which gave rise to recent randomized controlled trials addressing this issue [23, 24] and, therefore, are likely to reflect changes in care rendered by providers in the pre-ESRD period. Nevertheless, less than one-third of all individuals, irrespective of insurance status, had haemoglobin levels exceeding this target, indicating a substantial need for improvement.
While there are many similarities between Medicaid and non-Medicaid dialysis patients, important differences exist. These are illustrated in the patterns of the AGRs. The other insurance groups, relative to Medicaid, had AGRs <1 for minorities, risk behaviours (with the exception of the DVA) and diminished functional status, while simultaneously demonstrating AGRs >1 for employment and initiation on self-care dialysis modalities. These findings were expected given the needs that Medicaid is designed to meet within the US healthcare system. [25] . However, changes in Medicaid in the latter 1990s, which were designed to broaden its reach [26] , are also in evidence in our results; males, for example, made up an increasingly larger proportion of individuals in the Medicaid group. That the proportion of unemployed individuals fell in the Medicaid group, a finding which has previously been noted in ESRD patients [17] , may also be the result of the concurrent expansions of Medicaid eligibility in a number of states.
Of great importance to patients, healthcare providers and payers is the decline in self-care dialysis modalities worldwide [27] , even in areas with strong traditions of PD [28] . Recent analysis of this unfortunate trend has concluded that demographic and comorbidity factors do not adequately account for this finding and that provider beliefs and attitudes, or other not-readily-observable healthcare system factors, may be responsible [15, 17] . This trend appears not to be supported by high-grade medical evidence such as clinical trials or observational outcome data free of residual confounding [15] and, as such, has caused much consternation and debate within the nephrology community [27, 29, 30] . As expected, we observed a broad decline in self-care dialysis (the majority of which is in the form of PD) across all categories of insurance. The percentage of individuals on self-care dialysis by 2004 was lowest in the Medicaid group (4.5%), a finding not unexpected given work by previous investigators who reported that minority status [31, 32] , unemployment [32] , poor functional status [32] and overall lower socioeconomic status [31] were inversely associated with use of PD. Given that these factors are disproportionately represented in individuals with Medicaid, this is not surprising. How the overall structure of the US healthcare system may contribute to the worldwide decline in self-care dialysis is less certain. It has been suggested by several authors that the structure of national healthcare systems influences use of PD, and that private insurance-based healthcare systems like that of the USA disincentivize use of self-care therapies [27, 33] . We found that the rates of PD were highest among the privately insured and that these individuals as a whole experienced less of a proportional decline in PD use over time relative to the other groups. This does not necessarily imply, of course, that a wholesale shift to private insurance would increase rates of self-care dialysis, or would arrest the historical decline in PD presently being witnessed. It may be that the most affluent individuals with generally higher levels of functional status, and perhaps more education and social support, are able to procure and maintain private insurance; these same individuals are also the most likely to be placed on PD. In distinction, individuals with lower socioeconomic and functional status may be both less likely to have private insurance and be placed on PD or home HD. Our descriptive study does not allow us to determine whether causality exists between insurance and initial dialysis modality, and, if so, in what direction it may be operating.
Our study is subject to several important limitations. The completion of the CMS-2728 form relies, at least in part, on some degree of patient self-reporting, and this is likely to be a source of inaccuracy. For example, the smoking rates reported above seem unintuitively low. Additionally, information on individual patients' comorbidities is likely to be imperfect [34] , as the provider who completes the form may have an incomplete access to aspects of the patient's medical history. However, the CMS-2728 form is a foundational source of information about characteristics of incident dialysis patients and is also a basis for policy planning, so its use in an analysis of this type is likely to yield important information of broad public health relevance. Finally, many of the longitudinal trends in incident dialysis patients that we highlight, such as the increase in BMI, are not specific to dialysis patients or to renal disease and are likely to reflect broad societal changes. Nonetheless, an understanding of these trends provides important insight into the changing face of the incident dialysis population.
In conclusion, our examination of longitudinal trends in demographic, risk behaviour, functional, comorbidity, laboratory and treatment modality characteristics in incident dialysis patients and their respective associations with insurance status reveals findings of clinical and public health importance. Our observations appear to reflect the interplay between transformations in demography, evolution in health policy and alteration in provider behaviour. In this descriptive analysis, we are unable to dissect all aspects of this complex interplay, but the differences noted highlight the need for more in-depth analyses.
Medicaid coverage has been extended to a significant proportion of the incident ESRD population. These dialysis initiates are more likely to be younger, minority and female. They are also more likely to have significant risk factors for poor outcomes, including certain lifestyle factors and functional limitations. Research on how insurance status affects dialysis morbidity and mortality is urgently needed.
